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MEMORANDUM FOR FILE 

INTRODUCTION 

The M i s s i o n  D Appendix o f  t h e  Apo l lo  F l i g h t  M i s s i o n  
Ass ignments  document (AFMA) s p e c i f i e s  a maximum a l t i t u d e  o f  
300 n .mi .  f o r  b o t h  CSM and  LM d u r i n g  t h e  A p o l l o  9 m i s s i o n  
( R e f e r e n c e  1) .  The bas is  f o r  t h i s  r u l e  l i e s  i n  a r a n g e  con- 
s t r a i n t  on t h e  LM Vf-IF-Development F l i g h t  I n s t r u m e n t a t i o n  (DFI)  
t e l e m e t r y  and  t h e  p o t e n t i a l  r a d i a t i o n  h a z a r d  i n  t h e  LM a t  h i g h  
a l t i t u d e s .  I n  t h e  nomina l  Apol lo  9 m i s s i o n  the  h i g h e s t  s p a c e -  
c r a f t  a l t i t u d e  i s  n e v e r  more t h a n  270 n .mi .  N o n e t h e l e s s ,  t h e  
p o s s i b i l i t y  does  e x i s t ,  i f  t h e  s p a c e c r a f t  i s  l a u n c h e d  a t  c e r t a i n  
t imes w i t h i n  t h e  t h r e e - h o u r  l a u n c h  window, t h a t  o r b i t  apogee  
d u r i n g  a p o r t i o n  o f  t h e  f l i g h t  c o u l d  r i s e  t o  somewhat more 
t h a n  500 n .mi .  I n  o r d e r  t o  u n d e r s t a n d  how the  h igh  a l t i t u d e  
o r b i t  migh t  a f f e c t  t h e  m i s s i o n ,  t h e  l a u n c h  window d e s i g n  must 
f i r s t  b e  examined i n  some d e t a i l .  

PRESENT LAUNCH WINDOW DESIGN 

F o r  t h e  Apo l lo  9 f l i g h t  ( o r i g i n a l l y  t h e  f i r s t  manned 
S a t u r n  V m i s s i o n )  i t  was des i r ed  t o  p r o v i d e  as l o n g  a l a u n c h  
window as p o s s i b l e .  The p r i n c i p a l  c o n s t r a i n t s  on the  l a u n c h  
are  t h e  l i g h t i n g  c o n d i t i o n s  and t r a c k i n g  needed  f o r  t h e  LM-active 
r e n d e z v o u s  on t h e  f i f t h  day of  t he  m i s s i o n .  O r i g i n a l l y ,  these  
two c o n s t r a i n t s  l i m i t e d  t h e  window t o  15 m i n u t e s  a t  most .  
However, M i s s i o n  P l a n n i n g  and A n a l y s i s  D i v i s i o n  ( M P A D )  found  
t h a t  i t  would b e  p o s s i b l e  t o  l e n g t h e n  t h e  window t o  a b o u t  3 
h o u r s  ( R e f e r e n c e  3 )  b y  a real- t ime r e t a r g e t i n g  o f  f i v e  o f  t h e  
s i x  S e r v i c e  P r o p u l s i o n  System (SPS) and Descent  P r o p u l s i o n  
Sys t em (DPS) b u r n s  s c h e d u l e d  b e f o r e  t h e  r endezvous  (SPS-2, 
SPS-3, SPS-4, DPS-1, and  SPS-5). For a l a t e  l a u n c h  w i t h i n  
t h e  window t h e  bu rns  are  t a r g e t e d  b o t h  t o  s h i f t  t h e  l i n e  of 
nodes  ( F i g u r e  1) and t o  a d j u s t  t h e  o r b i t  p h a s i n g  ( F i g u r e  2 ) ,  
t h e  o b j e c t  b e i n g  t o  r e t u r n  t h e  s p a c e c r a f t  t o  t h e  same o r b i t  
p l a n e  and p o s i t i o n  i n  o r b i t  it would have had  i n  an  on-time 
l a u n c h .  The t o t a l  n o d a l  change c a p a b i l i t y  o f  t h e  SPS and  DPS 
burns i s  t h e  f a c t o r  which l i m i t s  t h e  l a u n c h  window"; t h e  p h a s i n g  
c a p a b i l i t y  i s  more t h a n  360' and t h e r e f o r e  n o t  a p rob lem.  

*The p r e s e n t  n o d a l  change c a p a b i l i t y  p e r m i t s  a l a u n c h  window 
3 h o u r s  20 minu tes  l o n g ;  however,  i t  i s  n o t  c u r r e n t l y  p l a n n e d  t o  
u t i l i z e  t h e  l a s t  20 m i n u t e s .  
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I n  o r d e r  t o  s i m p l i f y  t he  c r e w / f l i g h t  c o n t r o l l e r  t a s k  
t h e  t h r e e - h o u r  window h a s  been d i v i d e d  i n t o  s e v e n  "panes"  
c e n t e r e d  a t  h a l f - h o u r  i n t e r v a l s  w i t h i n  which a s i n g l e  n o d a l  
s h i f t  t a r g e t i n g  scheme i s  employed, as shown i n  F i g u r e  1. The 
v a r i a t i o n  between panes  h a s  been  r e s t r i c t e d  as w e l l .  Thus ,  
a l l  b u r n s  have a f i x e d  AV and t h e  t h r e e  SPS bu rns  b e f o r e  t h e  
p h a s i n g  p e r i o d  (SPS-2, -3, and - 4 )  o c c u r  a t  a f i x e d  Ground 
E l a p s e d  T i m e .  O f  t h e  t h r e e  ma jo r  n o d a l  s h i f t  b u r n s ,  SPS-2 
and SPS-3 are v a r i e d  on ly  i n  t h e  out -of -p lane  component, which 
i s  p o i n t e d  e i t h e r  n o r t h  or s o u t h  o f  t h e  o r b i t  t r a c k  as r e q u i r e d  
i n  o r d e r  t o  s h i f t  t h e  node e a s t  o r  west. The o t h e r  n o d a l  b u r n ,  
DPS-1, i s  always t a r g e t e d  t o  r e t u r n  t o  t h e  nominal  115x270 
n .mi .  o r b i t ,  no  m a t t e r  what may b e  t h e  apogee r e s u l t i n g  from 
t h e  p h a s i n g  b u r n ,  SPS-4. 

I n  g e n e r a l  t h i s  s i m p l i f i e d  p l a n  w i l l  r e s u l t  i n  a 
n o d a l  e r r o r .  A n a l y s i s  o f  t h e  s t a t i o n  cove rage  d u r i n g  t h e  
r endezvous  ( R e f e r e n c e  4) has  shown t h a t  t h e  maximum a c c e p t a b l e  
n o d a l  e r r o r  i s  4-1/2 d e g r e e s  ea s t  or w e s t ,  i . e . ,  abou t  1 5  
m i n u t e s  s h i f t  i n  l a u n c h  t ime.  The n o d a l  e r r o r  i n  t h e  p r e s e n t  
MPAD p l a n  i s  g e n e r a l l y  much l e s s  t h a n  4-1/2 d e g r e e s  e x c e p t  
a t  t h e  change-over  p o i n t s  between panes  where i n  some c a s e s ,  
as F i g u r e  1 shows, i t  does  a t t a i n  t h i s  v a l u e .  

The o t h e r  component of  t h e  l aunch  window d e s i g n ,  
p h a s i n g ,  i s  accompl ished  d u r i n g  t h e  11 t o  13 o r b i t s  between 
t h e  p h a s i n g  b u r n ,  SPS-4, on t h e  second  day and t h e  DPS b u r n  
on t h e  t h i r d  d a y .  The nominal o r b i t  a f t e r  SPS-4 i s  115x269 n.mi.  
F o r  l aunch  de lays  less  t h a n  abou t  42 m i n u t e s  apogee i s  lowered  
i n  o r d e r  t o  a l l o w  t h e  s p a c e c r a f t  t o  c a t c h  up t o  i t s  nominal  
p o s i t i o n .  Beyond 42 minutes  t h e  r e q u i r e d  "apogee" d r o p s  below 
115 n . m i . ,  becoming p e r i g e e , a n d  p e r i g e e  s w i t c h e s  f rom t h e  
n o r t h e r n  hemisphere t o  t h e  s o u t h e r n .  P e r i g e e  i n  t h e  s o u t h e r n  
hemisphere  i s  u n d e s i r a b l e  s i n c e  t h e  DPS b u r n ,  which must  t a k e  
p l a c e  o v e r  t he  Uni ted  S t a t e s ,  s h o u l d  o c c u r  a t  p e r i g e e  i n  o r d e r  
t o  minimize t h e  e f f e c t s  o f  any a t t i t u d e  e x c u r s i o n s  d u r i n g  t h e  
b u r n .  Hence for l aunch  d e l a y s  between 43 and 96  m i n u t e s  apogee 
i s  r a i s e d .  I n  t h e  h i g h e r  o r b i t ,  t h e  s p a c e c r a f t ' s  phase s h i f t s  
backward  r e l a t i v e  t o  t h e  nominal  u n t i l  t h e  p r o p e r  p o s i t i o n  i s  
r e a c h e d .  I n  t h e  second h a l f  of t h e  window from 96 m i n u t e s  t o  
180  minu tes  t h e  same p h a s i n g  t e c h n i q u e  i s  r e p e a t e d .  T h e r e f o r e ,  
as i n d i c a t e d  b y  t h e  sawtooth  l i n e  i n  F i g u r e  2 ,  f o r  l a u n c h  d e l a y s  
between about  43 and 89 minu tes  and between 135 and 1 8 0  m i n u t e s  
SPS-4 w i l l  have t o  be r e t a r g e t e d  t o  r a i s e  apogee above t h e  
300 n .mi .  AFMA l i m i t .  The a c t u a l  apogees w i l l  be  somewhat 
d i f f e r e n t  from t h o s e  shown i n  F i g u r e  2 s i n c e  SPS-4 w i l l  be  
a d t j u s t e d  i n  r e a l - t i m e  t o  compensate for t h e  d i s p e r s i o n s  i n  
t h e  p r e v i o u s  b u r n s ,  b u t  t h e  d i f f e r e n c e  s h o u l d  n o t  b e  g rea t .  
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For p l a n n i n g  pu rposes  t h e  p h a s i n g  b u r n  SPS-4 w a s  l i m i t e d  
to a f i x e d  300 f p s  t o t a l  AV. T h i s  c o n s t r a i n s  t h e  maximum 
apogee a l t i t u d e  t o  445 n.mi .  and c o n s e q u e n t l y  i n t r o d u c e s  a 
p h a s i n g  e r r o r  i n  t h o s e  p o r t i o n s  o f  t h e  window where t h e  re- 
q u i r e d  apogee ( t h e  d o t t e d  l i n e )  r i ses  above t h e  maximum. 
S i n c e  t h e  300 f p s  l i m i t  was se l f - imposed  and s i n c e  t h e  e x t r a  
AV r e q u i r e d  t o  f i l l  t h e  p r e s e n t  " c r a c k s "  i n  t h e  window i s  o n l y  
1 0 0  f p s  ( t h i s  r e p r e s e n t s  about  600  l b  o f  p r o p e l l a n t ,  1 / 3  t h e  
S P S  end-of -miss ion  marg in )  MPAD b e l i e v e s  t h e r e  w i l l  be  no 
problem i n  a d j u s t i n g  SPS-4 t o  accommodate t h e  e n t i r e  3-hour 
l a u n c h  window. A l t e r n a t i v e l y ,  t he  c i r c u l a r i z a t i o n  b u r n ,  SPS-5, 
c o u l d  be m o d i f i e d  t o  c i r c u l a r i z e  a t  an a l t i t u d e  o t h e r  t h a n  
133 n .mi .  ( R e f e r e n c e  5). However, t h i s  p h a s i n g  method i s  less 
d e s i r a b l e  t h a n  i s  t h e  j n c r e a s e  i n  SPS-4 A V .  

EFFECTS OF THE HIGH APOGEE ORBITS 

Nei ther  o f  t h e  two p o t e n t i a l  h i g h  apogee problems,  
loss o f  t e l e m e t r y  and i n c r e a s e d  r a d i a t i o n ,  i s  a problem f o r  
t h e  p r e s e n t  Apol lo  9 t i m e l i n e .  For o r b i t s  below 700 n.mi.  
t h e  ~ i i l y  s i g n i f i c a n t  r a d i a t i o n  f l u x  i s  r e c e i v e d  d u r i n g  passes 
t h r o u g h  t h e  Sou th  A t l a n t i c  Anomaly o f f  t h e  c o a s t  o f  B r a z i l .  
I n  t he  nominal  m i s s i o n  t h e  expec ted  r a d i a t i o n  s k i n  dose t o  
a l l  t h e  a s t r o n a u t s  f o r  t h e  e n t i r e  m i s s i o n  i s  .34 rad* two t h i r d s  
o f  which i s  r e c e i v e d  d u r i n g  t h e  270  n .mi .  apogee passes t h r o u g h  
the Anomaly from t h e  second t o  t h e  f o u r t h  day o f  t h e  m i s s i o n  
( R e f c r e n c e  6 ) .  T h i s  i s  n o t  c o n s i d e r e d  s i g n i f i c a n t :  t h e  P l a n n i n g  
d p e r a t i o n a l  Dose (POD) for manned s p a c e f l i g h t ,  which i s  t h e  
uppe r  l i m i t  f o r  p r e m i s s i o n  p l a n n i n g ,  i s  250 rads s k i n  dose 
w h i l e  t h e  r e a l - t i m e  Maximum O p e r a t i o n a l  Dose ( M O D )  i s  400 rads 
( R e f e r e n c e  2 ) .  The d e p t h  dose ,  or dose  t o  t h e  b lood-forming  
o r g a n s ,  i s  c a l c u l a t e d  t o  b e  about 1 / 2  t h e  s k i n  dose  i n  t h e  CM 
and l e s s  t h a n  1 / 4  t h e  s k i n  dose i n  t h e  LM. S i n c e  t h e  POD f o r  
t h e  d e p t h  dose  i s  25  rads and t h e  MOD i s  50 rads ,  t h e  d e p t h  
d o s e  i n  t h e  nominal  o r b i t  i s  a l s o  i n s i g n i f i c a n t .  With apogee 
a t  500 n.mi .  t h e  dose i s  i n c r e a s e d  t o  abou t  1 rad f o r  t he  
Commanc! Module P i l o t  (CMP) and t o  abou t  1 -1 /2  rad for t h e  
Commander ( C D R )  and LM P i l o t  (LMP) .  (The e s t i m a t e d  e r r o r  f a c -  
tor f o r  t h e  CM dose  i s  abou t  2 ;  t h e  LM e r r o r  f a c t o r  i s  abou t  
3.) The CDR/LMP dose  i s  small even  though t h e  LM p r o v i d e s  
l e s s  t h a n  1 / 1 0  t h e  CM s h i e l d i n g  because  t h e  a s t r o n a u t s  do n o t  
man t h e  LM d u r i n g  any passes through t h e  Anomaly ( F i g u r e  3 ) .  
But i f  t h e  p r e s e n t  t i m e l i n e  were ex tended  o r  s l i p p e d  by 1 2  
h o u r s ,  s o  t h a t  t h e  LM were manned d u r i n g  t h e  Anomaly passes, 
t h e  s k i n  dose  i n  t h e  LM cou ld  b e  as h i g h  as 30 rads.  Assuming 
a twelve-hour  s l i p  i n  the t i m e l i n e  and a f a c t o r  o f  3 o f  e r r o r  

*The R a d i a t i o n  Absorbed Dose (Rad)  i s  a measure o f  t h e  
i o n i z a t i o n  power of  r a d i a t i o n  or p a r t i c l e s .  One rad i s  e q u i v a l e n t  
t o  1 0 0  e rgs /gram.  
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i n  t h e  c a l c u l a t e d  r a d i a t i o n  dose,  t h e  d e p t h  d o s e  f o r  t he  500 
n .mi .  apogee o r b i t  c o u l d  approach t h e  p l a n n i n g  l i m i t  o f  25  
rads.  The p o s s i b i l i t y  o f  such a s l i p p a g e  i s  e x t r e m e l y  r emote ,  
however,  and no r a d i a t i o n  h a z a r d  i s  e n v i s a g e d  f o r  t h e  nominal  
t i m e l i n e  i n  t h e  h i g h  o r b i t .  A d d i t i o n a l l y ,  r a d i a t i o n  f l u x  w i l l  
b e  mon i to red  r ea l  t ime  and t h e  commander and LM p i l o t  can  
r e t u r n  t o  t h e  CSM i f  t h e  dosage r a t e  becomes t o o  h i g h .  

I n  t h e  p r e s e n t  t i m e l i n e  t h e  p o t e n t i a l  communicat ions 
problems a re  a l s o  minor  even  i n  a 500 n.mi.  apogee o r b i t .  The 
communicat ions mode w i t h  t h e  lowes t  c i r c u i t  marg ins  i s  t h e  FM/FM 
LM Development F l i g h t  I n s t r u m e n t a t i o n  (DFI) t e lemet ry  l i n k  w i t h  
T a n a n a r i v e  or t h e  t r a c k i n g  s h i p s .  Maximum s l a n t  r ange  for t h i s  
mode i s  r a t e d  a s  1 2 0 0  n .mi .  a l t h o u g h  a p o s i t i v e  c i r c u i t  margin 
e x i s t s  a t  1 2 0 0  n . m i .  and some data  s h o u l d  be r e c o v e r a b l e  
a t  g r e a t e r  d i s t a n c e s .  A t  300 n . m i .  a l t i t u d e ,  t h e  LM w i l l  ex- 
ceed  t h e  1 2 0 0  n .mi .  l i m i t  on ly  f o r  e l e v a t i o n s  l e s s  t h a n  5' f rom 
t h e  h o r i z o n ,  but a t  500  n .mi .  a l t i t u d e  i t  w i l l  exceed  t h e  l i m i t  
a t  an e l e v a t i o n  as h i g h  as 2 2 ' .  Thus some l o s s  o f  t e l e m e t r y  
da ta  i s  p o s s i b l e .  However, due t o  t h e  s t r u c t u r e  of t h e  c u r r e n t  
t i m e l i n e ,  t h e  o n l y  a c t i v i t y  which might  b e  a f f e c t e d  by t h e  
h i g h e r  o r b i t s  i s  t h e  Envi ronmenta l  C o n t r o l  System (ECS) a c t i v a -  
t i o n  o v e r  the t r a c k i n g  s h i p  Mercury on t h e  t h i r d  m i s s i o n  day 
( F i g u r e  3 ) ;  o t h e r  a c t i v i t i e s  e i t h e r  a r e  n o t  p l anned  n e a r  apogee 
or t ake  p l a c e  o v e r  h i g h e r - c a p a b i l i t y  s t a t i o n s .  MPAD has ana- 
l y z e d  t h e  s t a t i o n - c o v e r a g e  for t h e  h i g h  apogee o r b i t  and has 
found t h a t  a l t h o u g h  the time s p e n t  b y  t h e  s p a c e c r a f t  o u t s i d e  
t h e  1 2 0 0  n .mi .  r a n g e  i s  g r e a t e r  t h a n  i n  t h e  nominal  m i s s i o n ,  
t h e  "dwe l l  t ime"  w i t h i n  1 2 0 0  n.mi.  i s  a l s o  g r e a t e r ,  and no  
da t a  s h o u l d  b e  lost ( R e f e r e n c e  5 ) .  T f  f o r  some r e a s o n  t h e  re-  
q u i r e d  f i v e  minu tes  o f  t e l e m e t r y  a r e  n o t  r e c e i v e d  i n  t h e  pass 
o v e r  t h e  Mercury, t h e  d a t a  can  b e  t r a n s m i t t e d  (assuming a 
small s h i f t  i n  t h e  t i m e l i n e )  when t h e  LM i s  powered up t h e  
f o l l o w i n g  day o v e r  Gal-narvon o r  perhaDs on t h e  day a f t e r  
t h a t  o v e r  t h e  Canary I s l a n d s .  

FCD POSITION 

A t  t h e  Apo l lo  9 Launch Miss ion  Rules  r ev iew h e l d  a t  
KSC J a n u a r y  3 0 ,  1 9 6 8 ,  F l i g h t  Con t ro l  D i v i s i o n  ( F C D )  r e q u e s t e d  
t h a t  KSC a d j u s t  t h e  l e n g t h  o f  any h o l d  which would d e l a y  l i f t - o f f  
beyond t h e  nominal  t i m e  s o  t ha t  l aunch  w i l l  o c c u r  i n  t h e  midd le  
of a p a n e ,  where the n o d a l  e r r o r  i s  ( r o u g h l y )  z e r o .  I t  was 
s t a t e d  t h a t  w h i l e  t h e  r e s t r i c t i o n  t o  l a u n c h e s  a t  h a l f  h o u r  
c e n t e r s  i s  h i g h l y  d e s i r a b l e ,  i t  i s  n o t  mandatory ,  s i n c e  t h e  
c a p a b i l i t y  for a c o n t i n u o u s  l aunch  window does  e x i s t .  R e s t r i c t i n g  
the  window i n  t h i s  f a s h i o n  t o  reduce  t h e  n o d a l  e r r o r  has  t h e  
added advan tage  t h a t  t h e  maximum o r b i t  apogee can  b e  r educed  
a t  t h e  same t i m e ;  f o r  l a u n c h e s  i n  t h e  middle  o f  t h e  c u r r e n t  
panes  ( t h e  open c i r c l e s  i n  F i g u r e  2 )  t h e  maximum apopee a l t i - t u d e  
i s  440 n.mi.  i n s t e a d  o f  500 n.mi. 
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C O N C L U S I O N  

A plan has been devised by MPAD which allows a 3-hour 
launch window for the Apollo 9 flight but which may require 
maximum altitudes as high as 500 n.mi. during part of the 
mission. Since the radiation hazard of the high orbits is 
minimal and will be monitored in real-time and since no degra- 
dation of communication or telemetry will result, the 300 n.mi. 
altitude limit in the Apollo Flight Mission Assignments document 
should be waived f o r  this mission. 

2 0 13 -RT--s rb R. Troester 
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